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TOWARDS  A  SCIENCE  OF  COMMAND  AND  CONTROL  (Cl) 
Duvid  H  Cropkry^  Nurl  Sprulcs  and  Stcpbrn  C  Cuok^ 


Abatnct#  This  p&ptr  addresses  the  qucslion  b  the  Scicnee  of  Commaod  and 

CuntruJ  (C2)?^  by  first  defioin^t  three  kty  perspcctiws  1b  ut  cover  that  which  eom  prises 
C2:  (  ommsnd  Arr&o|emcntSt  Commaod  and  Command  Support  Sjstems*  The  puper 
cas  mines  Ihe  svstem^lcvel  properties  of  these  1b  rev  perspedUcs  io  cumbinatiuo>  drsHio| 
the  important  cunclusiuo  that  Commsod  snd  Control  caaoot  be  understuud  bv 
atlemptinit  to  decumpuse  Ihe  Held  into  lodividual  compooents.  The  paper  Iheo  analyses 
the  eoneepi  of  t  ^science*  of  C2  by  eitrsetiog  the  core  componenls  of  a  scieoce:  so 
organised  body  of  kooHled|te  and  the  pnKCsses  of  scquiiug  aod  sppl>in|s  Ihst  bodv  of 
luiowkd|e.  In  sdditioo  to  Ihese^  the  paper  recognbes  Ibe  rok  tbal  ihe  applieation  of  Ihe 
*seieoce^  pJays  io  advaneiog  the  state  of  understaodio)t  of  C2*  The  paper  Iheo  uses  Ihe 
dcfuLjlion  of  Ihe  scieoce  of  C2  to  formulaic  a  jfcneral  malris  for  uodcrstandio|  C2 
research  pro|rams*  The  paper  closes  b>  studjin^  examples  of  eataot  research  pJaced  in 
this  matrii.  The  result  is  a  comprebenshe  dctinilion  of  tbe  science  of  Cl  and  a  toul  for 
uoderstandio|  C2  research. 


INTRODUCTION 

Command  and  control  (C2)  is  rcco^)sed  as  a  key  enabler  of  military  capabihty.  Whereas 
many  of  ihe  fundamental  concepts  of  C2  have  not  clunked  si^ificantly  for  centuries^  it  )s 
clear  that  ever  nsore  sophisticated  means  can  be  brought  to  bear  to  augment  the  leverage 
provided  by  C2.  What  is  lacking^  however^  is  a  rigorously  defined  fhimework  for  the 
systematic  study  of  C2  as  a  means  for  advancing  knowledge  in  ihis  area.  This  paper  )s  writlen 
in  response  to  the  question  '‘whal  )s  the  socnce  of  command  and  controP**  arsd  endeavours  Io 
present  a  cohereni  account  of  the  cortsDCuents  of  the  science  of  C3  that  can  be  used  as  % 
starting  pointy  for  example  by  Defence  research  establishnsents^  for  formalising  an 
understanding  of  their  own  laboratories^  coverage  of  the  discipline^  to  determine  areas  of 
complementarity  with  allied  laboratories  and  to  identify  pnonty  areas  ofC2  research 

The  paper  opens  with  an  account  of  what  is  called  the  Utad  of  C3  the  three  views  that  cover 
all  of  the  definitions  of  the  terrru  Armed  with  this  delimtion^  the  paper  mo\es  on  to  discusa 
whal  the  term  Science'  means  in  the  context  of  C2  It  will  be  seen  that  the  view  presented 
here  is  that  ^science^  covers  more  tiun  simply  a  nomothetic  framework  of  ideas  but  also 
includes  concepts  and  heuristics  that  have  been  denved  from  reahworld  practice  and 
experience.  Moreover,  the  paper  seeks  lo  further  broaden  the  definition  of  science  by 
declaring  that  the  framework  of  ideas  is  inextricably  linked  to  the  methodologies  used  lo 
establish  the  framework  and  apply  it  to  an  area  of  concern  Thus,  for  present  purpose^^  it  is 
argued  that  when  scoping  the  science  of  C2^  the  methodologies  used  to  create^  improve,  or  in 
the  most  general  English  language  sense  ^engineer"  the  C2  tri^  must  be  included 
The  paper  proceeds  by  developing  a  framework  for  C2  research  that  sets  each  view  ofCl  as 
an  oreo  of  concern  and  attempts  lo  identify  the  science^  i  e.  ibt  /ronfework^  of  ^eos  and  the 
associated  meihodoic^ts  through  which  these  are  developed  and  applied  to  C2  Use  paper 
concludes  by  mapping  some  C2  topics  onto  this  framework  to  illustrate  its  usefulness 


WHAT  IS  MEANT  BY  ^COMMAND  AND  CONTROL^? 


Tbr  limpk  three  model 

C2  has  Its  body  of  hterBluro  but  o:Uensive  reference  to  C2  )s  also  to  be  toim J  )n  mihUry 
history  terts  From  a  study  of  this  Uteraturr^  the  confusion  surrounding  the  use  of  the  lerm  Cl 
becomes  very  evident  Roman  [  I  ]  confums  this  stale  of  affairs  ^hen  he  slates: 

^'We  are  so  familiar  with  the  words  'command  and  contror  tlut  one  nviy  beheve  rvo 
problem  ct)Sb.  After  all^  these  two  words  sound  hke  a  perfect  marria^e^  ^ivin^  the 
impression  of  equal  wei^htin^  vaJue^  and  importance.  While  tew  would  challenge 
this  observation,  there  is  little  consere^us  on  what  '^command  aiKl  contror*  really 
means  (1] '' 

This  contusion  is  brought  about  by  the  lack  of  a  simple  nKxlel  that  would  eruible  practitioners 
lo  develop  a  mutually  agreed  ptenue  of  C2.  The  absence  of  such  a  model  is  a  root  cause  of 
this  confusion.  It  is  often  difficult  to  discern  exactly  what  issues  the  aifthor>  of  articles  are 
addressing  when  they  write  about  C2  because  their  paradigm  of  Cl  differs  from  tlut  of  the 
reader.  Definiliorts  of  Cl  di  tfer  from  each  other  because  views  of  the  scope  of  Cl  vary  This 
lack  of  an  agreed  model  arKl  lack  of  distinction  between  elemencs  of  the  subjexi  nutter  under 
consideration  makes  Cl  the  confusing  topic  that  it  has  become  Paradoxically^  the  solution 
liea  in  the  lileralure  ibelt  Ibr^  if  a  slightly  abstract  view  is  taken^  it  will  be  recognised  that 
writerv  are  associating  three  different  mearungs  to  C2.  The  generic  mearungs.  explauied  in 
detail  later^  being  annbuled  variously  to  Cl  are: 

^  command  arrangements; 

^  command,  and 

^  command  support  sysiems. 

The  use  of  these  three  groups  provides  a  valuable  insight  inlo  how  practitioners  use  and  refer 
to  the  leujj  'C2\  Once  it  is  accepted  that  these  are  the  three  groups  constantly  referred  lo  as 
*C2\  M  soon  becomes  apparent  which  of  the  meanings  is  beuig  used  at  any  particular 
instance.  It  also  becomes  apparent  that  the  three  meanings  of  Cl  are  often  used  in 
combinalion^  net  only  ui  conversation  but  also  in  defirutions  and  in  the  literature  At  times^  a 
combination  of  several  meanings  may  be  used  without  necessarily  distinguishing  one  from  the 
other.  This  realisation  removes  a  significant  amount  of  misimdersianding  and  resultant 
contusion  when  the  topic  of  C2  is  discussed  Thus^  the  meanings  can  be  thought  of  as  vrewo 
of  the  socic^technical  system  thal  is  Cl  The  views  are  discussed  below  in  greater  detail  lo 
betler  explain  the  focus  of  each 

Command  Arraogements 

Command  arrangemenls  provide  for  the  need  for  unity  of  purpose  antl'or  unity  of  command 
Command  arrangemenls  describe  ^  the  degree  of  operatiorud  authority  between 
headquarters^  formations,  and  unils^  and  are  concerned  with  assigning  missions  and  tasks 
for  particular  circumstances^  [2).  The  NATO  Code  of  Best  Practice  (3)  refers  to  these  as 
organisational  issues  such  as  the  number  of  echelons  or  layers  in  an  organisation;  the  span  of 
control:  pattern  of  linkages:  and  whether  relationships  are  transitory  or  permanent  In  an 
effort  to  assist  mutual  undemanding^  military  organisalions  define  what  they  consider  to  be 
suitable  calegonea  of  command  arrangements. 

Command 

A  military  foree  is  generally  a  large  and  compleit  organisation  with  many  individuals  carryuig 
out  disparale  funclions  over  a  wide  geographical  area  The  managemenl^  leadership,  and/or 


coordifution  of  all  ihib  activity  is  what  la  often  conaidereO  lo  be  'Command'  leadinj;  to  ihe 
sewnd  generic  use  of  the  lerm  Cl 

Command  fxuM  on  the  person  of  the  commander^  as  miUtaiy  operations  are  not  nin  on  % 
commjrtee  basis  The  job  of  commanders  is  to  lead^  and  motivate  their  soldicfs  and 

organisations  to  accomplish  missions  and  to  win  decisively  Command  is  the  commander^s 
business'  (4]  C2  is  \  FundamenlaJly  the  business  of  the  commander^  and  il  is  the  means 
.  by  which  %  commander  recognises  what  needs  to  be  done  and  sees  to  it  that  appropriate 
actions  are  taken'  [5] 

Reference  [4]  refers  lo  commarsd  as  being  primarily  an  art  where  commanders  formulate 
concepts^  visualize  a  future  slate^  assign  missions^  allocate  resources  for  those  missions^ 
as^^ess  risk«  and  make  decisions^  Il  is  this  characteristic  of  decision  making  that  seems  to  be 
of  particular  interest  lo  those  corscemed  with  Cl  This  is  apparent  in  the  significant 
proportion  of  the  C2  literature  that  is  laken  up  with  whal  the  commander  needs  in  order  lo 
make  decisions^  the  process  rsf  making  decisions^  the  quality  of  such  decisions^  and  how  ihe 
decision  is  communicaleJ  ihroughout  the  force  This  concern  with  decisions  is  seen  through 
direct  references  lo  decision  nsaking  as  well  as  to  associated  topics  such  as  overcoming 
uncertainty  and  time^  commurucation  of  the  commander's  inlent^  and  achieving  situalioruil 
awarrrsess  The  frequent  referersces  to  ihe  cycle  of  Orientation^  Otaservaliorv  Devisiorv  and 
Action  {often  referred  lo  as  the  OODA  Loop  or  Boyd  cycle)  are  an  illustration  of  this  interest 

(  ommaod  Support  S>stcms 

Command  Support  Systems  include  entities  such  as  headquiotera  staffs^  communications 
rsetworks^  doctrine^  messaging  5ystems^  computers^  maps  aiKl  geographic  informalion 
systemic  software  to  solve  algorithmic  problems^  standardisation  agreensents^  protedures^ 
control  measures  and  data  bases.  The  US  Marines  draft  concept  document  on  Cl  for  the 
Marirse  Air  Groursd  Task  Force^  in  making  it  clear  that  equipment  is  but  a  means  to  an  end 
identifies  equipnsent  a>  a  separate  entity  tinder  the  broad  umbrella  term  of  C2 

"Marines  know  that  equipment  is  but  a  nseans  lo  an  end  and  not  the  end  itself^  our 
concept  for  command  arsd  control  is  not  associated  with  any  particular 
communications^  dala  processings  or  other  technology  Rather^  il  provides  a 
framework  within  which  these  technologies^  as  well  as  the  other  components  of 
command  and  control  support^  will  be  judged  [6].** 

Alberts  and  Hayes  [7]  note  the  separation  of  equipment  from  the  notion  of  Command  when  he 
says  'Far  from  determirung  the  essence  of  command^  ihen^  communicaliorss  and  information 
processing  technology  meraly  constitutes  one  part  of  the  general  environment  in  which 
command  operates '  The  US  definition  of  C2  (8]  refera  specifically  lo  command  support 
systems  by  noting  that 

^Grimmand  and  control  funcliorts  are  performed  through  an  arrangement  of 
personnel^  equipment^  communications^  facilities,  and  procedures  employed  by  a 
commander  in  planning,  directing,  coordinatings  and  controlling  forces  and 
operations  in  ihe  accomplishment  of  the  mission  (ft] 

Finally^  CheckJand  and  Holwell  [9]  make  a  similar  distinction  between  information  system' 
and  'information  lechnology'  when  they  slate  that: 

"  fundamental  ideas  about  information  systems  are  not  at  all  dependent  upon  the 
particular  mearu  through  which  they  are  realised  Nowadays  computers  are 
normally  involved^  but  tlut  is  not  really  a  fundamental  part  of  the  basic  ideas  about 
information  provision.  That  this  is  the  case  nukes  it  clear  that  IS  is  not  the  ^ame  as 
IT  (9]  ' 


Whtft  about  ^Cuntrur? 


Sproks  (10]  ihul  ''ujmnucul  and  coniror'  ha^  become  a  ujni[xjund  word  and  tlut 

attempting  lo  break  )t  down  into  Mrparale  meaJDngb  of 'command'  and  'control'  ib  poinlleas. 
It  t\  akin  to  asking  someone  who  Iua  never  heaAl  of  Elvis  Preele/  to  make  sense  of  the 
separale  words  compriMng  the  compound  word  'rock  aiKl  roll'.  What  ib  clear^  however^  is 
lhal  when  'command  and  control'  is  discussed^  the  speakers  are  talking  about  either  command 
arrangements^  command  in  the  person  of  the  commander^  command  support  systems^  or  son>e 
combinalion  of  these  three  topics. 

A  caic  in  point 

To  illusirsle  how  these  three  topics  are  being  used  m  combirtation.  one  need  only  consider  the 
defiTution  of  C2  provided  by  (8].  namely: 

^The  esernse  of  authorily  and  direction  by  a  properly  designaled  commander  over 
assigned  forces  in  the  accomplishment  of  the  mission  Command  and  control 
functions  are  performed  through  an  arrangement  of  personnel^  e<]uipment. 
communications^  facilities  and  procedures  employed  by  a  commander  in  plaruiing^ 
coordinatings  and  conimlling  forces  and  operations  in  the  accomplishment  of  the 
mission  (8) 

In  this  definition  aJ  I  three  elements  of  the  model  can  be  identified^  namely: 

9  Command  Arrangements  (Assigned  forces): 

9  Command  (the  commander);  and 

9  Command  Support  Systems  (that  which  is  necessary  to  perform  the  C2  functions) 

Thib  partem  becomes  evidenl  when  any  reference  is  made  to  C2  It  ib  clear  thal  the  ihree 
views  of  C2  do  not  give  an  exhaustive  description  of  all  the  activities  that  may  be  regarded  as 
core  to  C3.  For  this  rea^oru  further  work  is  needed  to  define  a  more  detailed  laxonomy  of 
elements  of  C2^  ba^ed  on  the  three  views  described  here 

A  holistkr  approach 

The  three  meanings  wodely  attribuled  lo  C2.  in  effecl.  represent  the  consUtuents  of  C2  bul  do 
not  explain  how  these  crmstiluentb  come  together  to  form  a  C2  system  A  holistic  approach 
suggests  that  Cl  is  a  high^levek  management  activity,  and  thal  its  function  is  the  marugement 
of  the  assets  assigned  to  a  commander  in  pursuit  of  the  stated  objective.  Alberts  and  Haye^ 
(4]  support  this  noUon  by  stating  that  C2  '  ..is  the  military  term  for  management  of  personnel 
and  resourres\  Hitchins  [11]  lakes  a  sirmlar  approach  in  saying  thal  C2  is  the  'marugement 
of  conflici\  although  [12]  would  qualify  this  by  saying  that  'Corrunand  is  leadership  as  well 
as  management'  A  recurring  theme  in  [7]  is  that  Ci^  is  both  an  art  and  management 
The  idea  that  C2  is  management  finds  support  from  [\i]  whose  view  that  marugement  is 
plannings  organising^  integrating^  measurings  and  developing  people  fits  well  with  what  is 
covered  by  the  whole  spectrum  of  the  three  elements  commorOy  considered  to  make  up  C2.  It 
IS  significant  that  in  hts  view^  management  is  nut  a  science  but  is  a  practice  '  ..comparable  lo 
medicine^  law^  and  engmeenng  It  is  not  knowledge  but  performance^  (p  26)  He  goes 
further  in  stating  thal 

".  il  would  be  comforting  to  be  able  to  speak  of  managemeni  as  a  ^  science '  But  in 
fact  we  can  only  do  harm  by  believing  thal  management  can  ever  fully  be  a 
science^  (13 J.** 


'  Vaji  Cveveld  [7]  rqrcts  tht  <pf  dir  irrw  "C'<aomdrNl  aruJCersnul'  and  prel>me  'Cormar^' 


Thib  p9[>er  tlut  «  C2  system  {Fi^re  1)  is  ^  complex  socK^lechnicel  entity  LJce  all 
complex  systems^  a  C2  syslem  )s  charvctenseU^  )n  particular^  by  the  exisience^  at  the  level  of 
ihe  )nleyrated  ^ysiem^  of  properties^  or  behaviourv^  that  ere  rwt  present  in  any  of  the 
componcnls  Similarly^  these  emergent  properties  cannot  simply  be  explajneJ  as  the  logical 
sum  of  the  behaviours  of  the  componenu  It  is  only  by  bringing  together  the  elements  of 
common J  acrangemenls^  command  and  commarsd  support  sysiems  that  a  C2  System  emerges. 
In  addition  to  the  behaviours  cluractenstic  of  these  three  components^  the  system  as  a  whole 
has  properties,  and  charactenstics^  that  are  present  only  as  a  result  of  the  integration  of  the 
three  componenLs.  These  systecrhlevel  properties  represent  the  case  of  Cl  as  a  marugement 
activity. 

The  three^view  model  of  Cl  is  illustnled  with  the  example  of  the  RoyaJ  Air  Force  {RAF}  Cl 
System  employed  for  the  Battle  of  Britain  in  1940  Appendix  based  on  Checkland  and 
Holwell  |9]^  describes  rsot  only  the  physical  comporsenb  of  the  syslem  (the  Command  Support 
System)  used  by  the  RAF,  bul  also  operationalises  the  corscept  of  Commartd  in  the  Battle  of 
Britain^  as  well  as  detailing  the  Comnwid  Arrangements  applicable  during  the  parUcular 
pha^  of  the  war  It  is  also  interesting  lo  nole,  as  doca  [4]^  that  the  system^  while  an 
information  system  in  the  modem  sense^  and  entirely  effective  in  its  purpose^  involved  the  use 
of  almost  no  informalion  technology 


Figure  I ;  Tbe  three  vurw  model  of  CL 


The  breads  socw^techrucal  charactensUcs  of  a  C2  system  dictale  that  any  definition  of  the 
^Science  orC2'  should  be  concerned  not  only  with  the  hard  'science^  of  the  componenlv «  for 
example  the  science  of  communicationb  that  is  realised  in  a  Baulefield  Command  Support 
System  (BCSS)  -  but  also  with  the  sofler  'an'  of  architecting  the  whole  C2  syslem.  Rechtin 
and  Maier  (14)  explain  that  the  ^art^  of  architecting  a  system  is  complementary  to  the 
Science': 


^The  an  of  architecting,  therefore,  complements  its  science  where  science  is 
weakeot:  in  dealing  with  immeasurable^^  in  reducing  past  experience  and  wisdom  to 
practice,  in  conceptualisation,  in  inspireUorully  pulling  disparate  thuigs  together,  in 
protnding  '^vanily  checks"  and  in  warning  of  likely  but  unprovable  trouble  ahead 

114)  " 

This  notion  of  the  an  and  the  science  of  creating  a  complex  system^  1  ike  a  C2  system^  compels 
ui  to  seek  the  broadest  possible  concept  of  the  Science  of  C2.  The  next  secUon  examuies 
prevail uig  definitions  of  Science  and  attempts  to  synthesise  a  working  definition  of  the 
Science  orC2  based  on  the  three^view  model  presented  in  Figure  I. 


^SCIENCE’  IN  THE  CONTEXT  OF  COMMAND  AND  CONTROL 


The  preceding  ^ecUons  have  preaecUoJ  a  thre^view  model  of  C2  Of  parDcular  impodafice  )n 
lhal  model  li  the  narure  of  the  elements  of  ihe  model  and  the  'system^  ctuuaclenstic^  of  the 
C3  system  as  a  whole.  The  foregoing  discussion  on  ihe  views  of  C2  suggests  thal  ajiy  attempt 
lo  Jefuie  d  "science^  of  C2  wilL  by  necessity^  encompass  a  broad  range  of  concepts^  methods^ 
philosophies^  and  ideas. 

Any  altecnpl  lo  define  the  Science  of  C2  must^  having  ealablished  the  nature  of  C2^  ihen 
establish  the  bouiKlanea  of  Science'  rn  relation  to  this  area  of  concern  ll>e  following  sections 
r>ow  examine  a  sei  of  slarxlard  definitions  of  'scier>ce^  and  then  map  these  to  the  area  of 
concern,  C2 

Standard  dcfinilioiis  of^Sckmv^ 


Establishing  a  definition  for  the  word  'scier>ce^  icrunedialely  er>counters  some  philosophical 
hurdles  The  word  'science^  itself  is  derived  from  the  Latin  sc/e^nj  meaning  'kr>owledge' 

I'SJ 


Dictionary  definitions  typically  focus  on  two  aspects  of  the  meaning  of  the  term  The  first 
relates  to  the  <>f  ihe  kAowiedge  tt^eif,  for  example:  (a)  'Systematic  knowledge  of  the 

physical  or  material  world'  [Id],  or,  (b)  'Knowledge  •  especially  that  gained  through 
experience'  [17]  Tliese  definitiocts  also  highlight  the  physical  or  experiential  nature  of 
knowledge  in  the  context  of  sc  lence. 


The  second  aspect  of  the  meaning  of  the  term  relates^  in  panicular,  to  the  procet^s  hy  ¥^hich 
such  knowledge  tr  obtained^  for  example  (a)  'Tlie  obscrvatioru  identification,  description, 
experimental  investigation,  and  theoretical  explanation  of  phenomena'  |l^]i  or.  lb) 
'Knowledge  or  a  system  of  knowledge  covering  general  truths  or  the  operation  of  general 
law^  especially  as  obtained  and  tested  through  scienlific  method^ 

The  latter  definilions,  however,  cany  strong  hints  of  the  particular  philosophical  framework 
thal  underpins  the  manner  of  obtairung  knowledge  There  is  a  danger  that  definitions  of 
science,  of  the  kind  listed,  become  confused,  or  blended,  with  definitiorts  of  'scientism', 
which  [  I S]  defines  as  'the  application  of  the  scienti  fic  method ' 

The  scientific  method,  literally  ^the  methnd  that  searches  after  knowledge^  |l^l>  gsJtied 
prominence  in  the  16^  century  with  the  work  of,  fdrexiimple,  Galileo  and  Copernicus  (19] 
The  modem  hypothetio^deductise  method  of  research  [20]  captures  the  fundamental 
processes  of  the  scientific  method  [19],  however,  cautions  dial  ^not  all  research 
methodologies  follow  the  steps  ..' 

This  discussion  highlights  two  important  facts  that  are  relevant  to  the  lask  of  Jefuiing  a 
Science  ofC2 


I  The  process  by  which  knowledge  may  be  gained  ui  science  is  not  limited  to  the 
scientific  method,  or  to  traditional  hypotheOco-dcductive  approaches. 

3  There  are  a  number  of  possible  philosophical  frameworks  that  can  underpin  the 
concepi  of  science 


Empirical  dcfioitiooi  ufScicocr 

The  preceding  notiorts  of  what  constitutes  'scieiKe'  can  be  tested  agairtst  popular  definitiorts 
of  the  terms  as  it  is  widely  used  in  academic  disciplines  Marugement  Science,  for  example, 
focuses  on  'improvirtg  our  understanding  of  the  practice  of  marugement^  (21,  22].  This 
suggests  the  existence  of  a  body  of  knowledge  (operaled  on  by  'understanding')  which  can  be 
acquired  and  extended  (ihrough  ^improvuig^k  stxL  which  is  applied  by  some  means  (in  'the 


ptiictice  of  nwia^eiMcU^).  Note  th^t  thm  is  no  slaleU  re&inclion  on  the  methods  used  lo 
acquire  the  body  of  knowledge. 

Pohttcal  Soence^  by  contnst^  cun  be  re^anled  "the  brunch  of  sooaJ  soence  that  studjcs 
politics'  \2i]  It  can  uae  u  ruji^  of  nsethods  and  tools  to  achieve  thjs  end^  us  well  ui  'other 
scienbf)c  methods  lo  j^alher  facts  und  dau  dial  cun  be  used  lo  explain  polilicaJ  phenomena'. 
This  detinition  enunciates  a  body  of  knowledge  {'facts  und  dula')  und  processes  for  acquumg 
thut  body  of  knowledge  (^other  scientific  methods')  und  also  hints  ut  the  application  of  the 
body  of  knowledge  (^to  explain  politicaJ  phenomena') 

Computer  Science^  finally^  is  'the  systematic  study  of  computing  systems  and  computation. 
The  body  of  knowledge  resulting  from  this  discipline  contains  theories  for  understarsding 
computing  systems  und  methods^  design  methodology^  algorithms^  and  tools^  melhods  for 
testing  of  coiH^pts.  methods  of  analysis  und  verification:  and  knowledge  repreKentalion  and 
implementation'  [24]  Tliis  definition  highlights  the  body  of  knowledge^  as  well  as  methods 
for  acquirings  and  applying^  the  knowledge.  The  definition  of  Computer  ScieiKe  also 
highlights  an  important  addilionul  component  of  a  science  theories  for  undervtunding  the  area 
of  inlerrst 

It  may  be  concluded^  from  such  empincul  definitions^  dial  any  rigorous^  systematic  activity 
which  seeks  to  acquire  and  apply  a  body  of  knowledge  about  a  particular  topic  or  field  can  be 
regarded  (cr^  at  leasts  is  widely  regarded)  us  a  'scierwe^  These  defuiitions  readily  admil  the 
possibility  of  a  rigorous^  syslemutic  activity  directed  at  acquiring  and  applying  a  body  of 
knowledge  about  the  field  of  Command  and  Control  (C2).  In  other  words  e  ^Science  of  C2'. 
This  cone  lusion  is  valid^  even  if  there  is  still  debate  over  the  definition  of  the  views  of  C2^  and 
a  more  detailed  taxonomy  of  C2  activities 

PhtkisopbicaJ  frumewurks  uod  Science 

The  philosophical  fomsdations  of  a  '^lente^  define  the  exuci  manner  ui  which  ngour  is 
applied  to  the  proceesee  of  acquiring  and  apply  mg  the  body  of  knowledge  for  dial  science.  For 
example,  in  Compuler  Science^  it  may  be  typical  dial  the  acquisition  of  the  body  of 
knowledge  of  compunng  systems  and  computatioru  und  its  application^  are  earned  out  within 
a  geneml  framework  of  a  Pc^ipenun  nobon  of  science.  That  is  to  say.  knowledge  in  Computer 
Science  nuy  be  acquired  by  following  the  general  dictates  of  the  falsification  and  refulalion 
of  iheones  as  expounded  by  Karl  Popper  [25].  Equally^  Computer  Scientists  might  choose  to 
follow  a  Baconian  notion  of  science  (26)^  whereby  knowledge  is  acquired  and  applied^  and 
theones  tested^  by  following  a  hypclheticcMleductive  (20)  philosophy. 

This  discussion  illustrates  the  need  to  disbnguish  between  'science^  as  a  proper  noun 
(Compuler  Science.  Management  Science,  or  the  Science  of  Command  and  Control  (C2))  and 
Science'  as  a  verb  (the  systematic,  rigorous  pnscess  of  acquiring  and  applying  a  body  of 
knowledge  and  testuig  theories  ui  lhal  body  of  knowledge).  The  latter  may  be  conducted 
under  the  guidance  of  one  of  a  number  of  schools  of  thought  includuig.  but  not  limiled  lo^ 
those  of  Popper  [2S],  Bacon  (26)  and  Kuhn  [27] 

K  general  definition  ufScicoce 

On  the  basis  of  the  preceding  argumenls^  the  authors  contend  that  it  is  now  reasonable  lo 
propose  a  general  definition  of  'Science^  as  a  combination  of: 

•  An  orgarused  body  of  knowledge  about  a  particular  area  of  interest  or  endeavour^ 

•  The  methtals  used  for  acquiring  that  body  of  knowledge.  an(L 

•  The  processes  and  methods  of  applying  the  body  of  knowledge. 


It  t\  not^  however^  imtl  a  particiiUr  melhcMJ  is  Jeclared  for  ac^uisiiton  and/or  applicahon  of 
knowledge  that  )t  is  possible  lo  aJ)^  0  particular  ^  Science^  to  a  particular  philosophical 
framework 

K  workiii]|  ilcfioitMn  of  ihc  Scirncc  of  C2 

The  general  detinitiori  of  Science  can  now  be  sujnmansed^  in  ralalion  lo  Command  iuiJ 
Control  (C2)«  in  the  foUowm^  way 

Tbe  Science  of  C2  is  therefore  concerned  with  the  organised  body  of  knowledge 
about  the  three  views  of  C2  (Command  Arrangements,  Command,  and  Command 
Support  Systems)  and  the  behaviour  of  the  enterprise  that  they  compose^  as  well  as 
the  method(s)  of  »c<]uiring  that  organised  body  of  knowledge.  Furthermore^  the 
focus  of  the  Science  of  C2  is  on  the  application  of  the  body  of  knowledge^  and  the 
application  of  the  processes  for  acquiring  that  body  of  knrswledge,  to  raahworld 
problems 

Tbr  prumsos  a  od  mcth^sds  of  a  Science  of  Cl 

The  method  of  conducting  investigations,  in  natural  science,  based  on  the  three  principles  of 
reductonism^  repeatability^  and  refutation  of  hypotheses  (IS)  that  are  concisely  captured  in 
the  methods  of  experimental  investigation^  has  been  so  successful  as  a  process  for  acquiring 
organised  bodies  of  knowledge  that  there  is  a  strong  tendency  to  see  all  science  as  quantitative 
and  expenmenlal  in  nature.  As  (S^]  points  ouu  "^Many  people  in  many  different  fields  make  the 
unquestioned  assumption  that  ^researoh^  means  the  testing  of  hypotheses^'.  In  defining  a 
Science  of  C2^  however,  the  authors  have  reinforced  the  view  that  there  is  a  mnge  of 
processes  and  methods  that  can  be  used  to  achieve  the  acquisition  and  application  of  the  body 
of  knowledge  mheernt  in  a  science  Thus  0  choice  can  be  made  to  adopt  a  'tradiUonar 
apprcmch  to  the  Science  of  C2^  relyuig  on  prevailmg  'quanutative'  approaches.  The  range  and 
nature  of  the  three  views  of  Cl  (figure  I)  suggest,  however,  that  a  broader  approach  lo 
knowledge  acquisition  and  application  will  need  to  be  adopted  to  meet  the  needs  of  the  tield 
of  command  and  control  While  there  is  no  doubt  tlut  many  aspects  of  Cl,  and  its 
consequences,  are,  indeed  measurable,  the  focus  in  this  paper  is  on  the  methodological  tools 
that  can  be  applied  lo  better  understand  the  different  ciews  of  command  and  control, 
Recxsgnising  the  non^uantitative  aspects  of  Cl  is  consistent  with  the  concept  of  the  of 
architecting  the  C2  system^  in  addition  lo  the  Science'^  mentitmed  preciously  While  it  may 
be  appropriate  lo  apply  expenmental  methods,  and  a  quantitative^  hypothesis-testing  approach 
lo  research  in  the  area  of  Command  Support  Systems  (for  example  to  sfudy  the  data  rates 
across  communications  channels)^  there  is  little  doubt  that  the  process  of  acquiring  an 
organised  body  of  knowledge  about  the  predominantly  social,  organiutionaJ  and  behavioural 
aroac  of  Command  and  Command  Arrangements  is  unlikely  to  be  amenable  to  the  same 
approach  Checkland  and  Holwell  [9]  remind  us 

''When  we  turn  to  human  affair^^  however,  and  to  social  phenomena,  it  is  far  from 
obvious  that  the  same  experimental  hypolhesis^testing  approach  applies  The 
me^ods  of  natural  science^  extremely  productive  in  enabling  external  observers  to 
discxrver  the  regularities  of  the  natural  universe^  are  exceptionally  difficult  to  apply 
to  human  affairs  [9] '' 

This  reinforces  the  view  that  it  is  necessary,  in  defirung  the  Science  of  Cl^  to  look  beyond 
entrenched  views  of  whal  constitutes  'science',  und  •dopt  the  broadest  possible  approach  to 
the  process  of  acquiring  an  orgarused  body  of  knowledge  about  C2  This  approach  will  seek 
appropriate  qualitative  and  quantitative  methotk  for  tlW  three  areas  of  C2  that  have  been 
identified 


Tbr  Sciciux  ufC2 


Pmcrv  die  preceding  discussion  il  is  rcttsocuible  lo  ujfsclude  tlut  the  Soence  of  C2  cun  be 
cunji  Jered  to  cover  all  the  sets  of  ufsderlying  ideas  and  relationships  ihut  upply  to  the  *9rx*  and 
ihe  ^science^  of  Cl  and  the  methodologies  that  apply  ihese  to  C2  issues 

This  gives  nae  to  the  following  fdrmul  definiUon 

The  Science  otC^  comprises: 

(a)  The  organised  body  of  knowledge  of  the  management  of  military  operation:^  that 
encompasses^  at  the  highest  levels  command  arrangemenb^  command  and 
command  support  systems^ 

(b)  The  method(s)  of  acquiring  that  organised  body  of  knowledge  through  a  set  of 
qualitative  and/or  quantitative  disciplines  that  underpin  the  maruigement  of  military 
operations  across  the  broad  areas  of  command  arrangements^  commands  and 
command  support  sysiems^  and 

(c)  The  methods  and  processes  to  apply  this  body  of  knowledge  to  the  creation  and 
evolution  of  the  aocit^technical  systems  that  underpin  nulitary  operational 
management  activities. 

The  next  section  presents  a  general  fnimeworL  based  on  this  definiliorv  which  can  be  used  as 
a  map  of  research  activities  in  the  field  of  Cl 

T(>WaR1>5;  A  COHERENT  RESEARCH  FKAMEWORKTHaT  ENCOMPASSES 

THE  SCIENCE  OFC2 

If  the  definition  of  the  Science  of  C2^  presented  in  this  paper^  is  to  serve  as  a  mechanism  tor 
advancing  the  knowledge  of  Command  and  Control^  it  must  be  placed  into  a  fmmework  that 
IS  designed  lo  facilitaie  systematic  inquiry  This  means  that  the  concept  of  a  Science  of  C2 
must  be  mapped  onto  a  research  framework 

Research  has  many  definitions^  including: 

'‘The  systematic  process  of  collecting  and  analysing  dala  in  order  to  increase  our 
understanding  of  the  phenomenon  of  interest  (19).** 

Checkland  and  Holwell  [9]^  based  on  [29].  provide  a  model  of  elements  {Figure  2)  relevant  to 
any  piece  of  research  and  necesaary  to  achieve  the  vyvtemaijc^  rigorous  increase  in 
understanding  defined  by  [19]  The  model  was  developed  to  address  'rational  intervenlion  in 
human  affair>*  typical,  according  lo  the  authors^  of  activities  such  as  operelional  research^ 
systems  engineerings  and  systems  analysis  The  key  characteristic  of  those  areas  of 
ersdeavour.  shared  with  command  and  control^  is  that  they 

'‘tace  a  more  complex  situation  than  thal  facing  the  nalural  scientist^  who  ploys 
his  game  against  nature  *s  unchanging  phenomena:  yet  all  hope  to  make  use  of  the 
organized  rational  thinking  which  is  clujBCtenstic  of  the  whole  intellectual 
enterprise  which  is  natural  science  [29].*' 

Checkland*s  [29]  model  is  based  on  the  lack  of  primacy^  in  disciplines  such  as  operelional 
research^  systems  engineering  and.  by  virtue  of  iLs  similar  goals  command  and  control^  of 
theory  or  practice.  Checkland*s  model  represents  a  way  of  understanding  the  relationship 
between  a  body  of  knowledge,  a  way  of  applying  that  knowledge  lo  a  reaUworid  situation  and 
an  idenlified  area  of  concern  tor  the  case  of  Mlivitiec  that  artempi  lo  intervene  rationally  in 
dynamic  human  affairs  While  Checkland  [29]  argues  that  it  is  equally  applicable  to  natural 
science 


"‘For  ex4icrtple«  the  pharrruceuljcdl  ifxlu^tj^  )n  the  l9K0s^  one  definition  of  A 
(the  area  of  concern]  is  ihe  beareh  for  economy  of  experunenlahon  )n  seeking 
useful  dAigs;  ^uiinlum  theory  provides  an  F  [fremewt^rk  of  ideas^^body  of 
knouOedge]  ^ell^lested  in  other  fieldi^  of  science^  end  modem  sophiblJwtoJ 
computer  grephics  e  new  M  (methodology  tor  epplying  the  tremework  of  ideas  to 
ihe  area  of  conceml  in  which  models  of  molecuUr  orhilals  cruy  be  creeled  eiKl 
nvinipuleled  on  the  computer  screen  [29]** 

It  is  aJeo  possible  to  confine  our  u^e  of  the  model  only  to  those  erees  of  corwem^  such  as 
command  end  control^  which  show  a  clear  dynamic^  qualileUve^  'humsn'  elen>ent 

In  ihe  model  a  ^parUcular  set  of  lir^ed  ideas  F  (the  Fnimework  of  Ideas)  is  used  in  a 
iMthodology  M  to  invceUgele  some  area  of  interest  [9].  By  mapping  the  definition  of  the 
Science  of  C2  onto  this  model  we  create  a  framework  for  underslarxljng  and  directing 
programs  of  research  in  the  field  of  C2 

Applyuig  the  Checkland  model  to  the  definition  of  the  Sciertce  of  C2  presented  in  this  paper 
leads  lo  the  following 

•  71ie  Area  ofCor>cem  (A)  is  Command  and  Control  (C2)  however  that  may  be  defined^ 

•  71ie  Framework  of  Ideas  (F)  is  the  "organised  body  of  knowledge  of  the  elements  of  the 
managemeni  of  military  operaUons  across  the  elements 

In  this  paper  the  authors  suggest  that  the  Methodology^  is  logically  divided  into  two 
complementary  components: 

•  71ie  Methodology  (Mi)  is  the  "methodologies  araJ  skills  to  apply  this  body  of  knowledge 

•  A  sccoikL  enabling  Methodology  (Ms)  is  the  ^process  of  acquiring  thal  organised  body  of 
knowledge ..  ' 

The  interrelation  ship  belween  these  four  elements  is  shown  in  Figure  2 


•riMF 


Figure  2;  Modifjrd  ricmcob  rrirvant  to  un>  piece  of  research  based  oa  |9|. 

Applying  the  modified  Checkland  rrsodel  to  uch  element  of  C2  (Command  Arrangerrsents^ 
Command  and  Command  Support  Systems)  results  in  a  matnx  shown  in  Table  B  I  in 
Appendix  B  The  primary  focus  of  the  matnit  m  Table  B  I  is  the  compor>ents  of  C2; 
however^  the  reader  should  not  loae  sight  of  the  important  systecrwievel  aspects  of  the  C2 
systeert  Additionally^  the  reader  is  encouraged  to  develop  a  more  detailed  breakdown  of  the 
activities  comprising  each  of  the  three  general  "views'  of  C2 


The  malnx  developed  in  Table  B  I  cun  be  used  to  initiele  0  process  of  cruppin^  ihe 

C2  research  profile  of  any  or^nisaOon  The  teble  shows  that  in  or^nisaOon  uiJi  endeavour 
lo  expand  knowledge  (conduct  research)  across  sny^  or  sll^  of  the  three  ^views'  of  C2  (and 
subsidiary  areas)^  and  that  wiihin  each  view^  n  is  possible  to  expand  knowledge  in  relation  to 
( I )  the  fremework  of  ideas »  or  the  organised  body  of  knowledge^  for  that  view:  (2)  the 
methodologies  by  which  ihe  or^rused  body  of  knowledge  of  C2  is  applied  (Mi):  (3)  the 
methodologies  by  which  the  orgarused  body  of  knowledge  is  created  or  eniwnced  (Ms). 

For  each  element  of  research  m  Table  B.K  and  for  each  C2  ^view\  the  table  gives  general 
examples  of  areas  of  research  and  methodologies  that  are  applicable.  The  entries  in  Table  B.  I 
are  not  exhaustive. 

Table  B2  of  Appendix  B  shows  a  hypothetcal  example  of  the  profile  a  Defence  research 
labonUory  For  reasons  of  coniklenliaJity  and  security  it  is  not  appropriate  to  give  a  real 
example. 

The  terms  in  ihe  matrix  (Low.  Medium  and  High)  indicate 

•  For  Ml  and  M::  The  current  levels  of  research  activity/fbcus  tor  each  of  the  defined  views 
of  C2^  against  the  framework  elements  Mi  and  M:^  for  the  organisation  in  quealion 

•  For  F  The  marunly  of  ihe  extant  body  of  knowledge  for  each  of  the  defined  views  of  C2  in 
the  organisation  in  question 

In  other  words,  the  hypothetical  organisation  described  by  Table  8  2  has  a  high  level  of 
existing  knowledge  (a  mature  body  of  knowledge)  of  Command  Arrangements  (in  a  very 
general  sensed  but  a  low  level  of  existing  knowledge  (a  weak  body  of  krsowledge)  of 
Command  and  CSS  As  a  strategy^  such  an  organisalion  mighty  therefore^  be  expected  lo 
either  focus  on  research  in  its  area  of  strength  (Command  Arrangements  particular  areas 
within  that  'view')  or  to  erwJea^our  to  enlunce  its  research  in  areas  where  its  body  of 
knowledge  is  defWient  Similarly^  the  hypothetical  organisation  ui  Table  B2  has  only  a 
lowvmedium  level  of  research  activity  into  the  methods  by  which  its  body  of  knowledge  of  C2 
IS  utilised  (Ml)  across  all  three  views,  but  a  particularly  strong  focus  on  research  acUvities 
(M:)  aimed  at  building  its  body  of  knowledge  relevant  to  Command  Support  Systems  (CSS) 

The  Research  Profile  Matrut  (RPM)  is  presented  here  as  a  tool  for  analysing  ihe  focus  of 
research  programs  in  C2  in  a  research  organisation  It  is  built  on  a  foundation  of  the  defuntion 
of  the  Science  orC2  and  Checkland's  modified  fmmework  tor  research  [9^  29]  This  must  be 
viewed  in  0  context  of  a  resource^limited  orgarusation^s  capacity  to  conduct  research  across  a 
number  of  areas  of  interest  m  C2  There  is  scope  tor  exienduig  the  RPM  to  include  an  analysis 
of  the  different  aspects  of  "building"  the  C2  system  and  "operating'"  the  C2  system. 

The  Research  Profile  Malnx  (RPM)  has  been  considered  ui  the  C2  executive  management 
group  of  the  Technical  CoopereUon  Program  (TTCF)  involving  defence  research  laboratories 
from  the  United  States^  United  Kuigdom^  Canada.  Australia,  and  New  Zealand 

The  RPM  provides  0  starting  pomt  for  contribuUng  to  the  understanding  of  the  Science  of  C2 
in  the  following  ways 

•  It  permits  the  visual  isalion  of  an  organisation's  C2  research  profile^ 

•  It  permits  the  exposition  of  stralegic  planning  direxxions  ui  0  resouree^limiled  environment^ 

•  It  expedites  comparisons  of  C2  research  profiles  between  laboratories^ 

•  It  can  be  used  as  an  underpinning  crmcept  to  inform  a  mela^methodology  for  developing 
C2  systems  along  ihe  lines  suggested  by  (30]. 


SL'M  MARY  AND  CONCLLSIONS 


In  th)s  paper  we  have  defined  Conimand  and  Control  0  ^cicwtechnicaJ  actvity  that 
encompibses  three  broad  aspect  (P)^re  1): 

•  command  arran^emcnla; 

•  commands  and 

•  command  ^pport  aysiems. 

These  three  views  are  bound  toother  to  form  a  ^ysiem  for  the  maruttemem  of  miliUry 
openUjons.  Il  is  not  ihe  intenlion  of  this  paper  to  imply  dut  these  three  views  are  sufficiently 
detailed  lo  allow  tor  %  complete  understarsdin^  of  the  taaorsomy  of  Command  arsd  Control. 
Riither.  they  should  be  seen  as  to{Hlevel  families  of  C2  activity  that  can  be  further 
decomposed  to  yield  a  greater  decree  of  urnleminding  and  discTiminalion 

We  have  defined  the  Scicoce  of  Cl  a^: 

•  The  organised  body  of  knowledge  of  the  management  of  mihtAry  operations  that 
encompa&es^  at  the  highest  levels  command  arrangements,  command^  and  command 
support  systems; 

•  The  process  of  acquiring  that  orgarused  body  ofkrsowledge  through  a  set  of  qualitative  and 
quantitative  disciplines  that  underpin  the  managemeni  of  military  operslions  across  the 
brrsad  areas  rsf  command  armngemenls.  commarvL  arsd  command  support  systems,  and: 

•  The  nsethodologies  arsd  skills  to  apply  this  body  of  knowledge  to  the  creation  arsd  evolution 
of  the  soeu^technical  syslems  that  underpin  military  opemtional  marmgenserit  activities. 

We  have  developed  0  modified  framc^or^  of  clrmc^ls  of  C2  research  (Figure  2)^ 
cortsistirtg  of: 

•  The  Area  of  Concern  (A)  that  IS  C2; 

•  The  Framework  of  Ideas  (F)  that  is  our  "organised  body  of  knowledge  of  the  elements  of 
the  marugement  of  military  operations  across  the  elements  . . 

•  The  MeOicdology  (Mi)  that  is  our  "methodologies  and  skills  to  apply  this  body  of 
knowledge 

•  A  second^  erubling  Methodology  (M3)  that  is  the  ^process  of  acx^uinng  that  organised  body 
of  knowledge  ..' 

Finally^  we  have  combined  ihese  in  a  C2  Rcsrarch  ProfUc  Matria  (Tables  8  I  and  8.2)  that 
can  be  used  to  drive  analysis  and  tmderalanding  of  the  cerverage  of  C2  research  portfolios  with 
appropriate  further  development  of  the  taxonomy  of  ^views'. 
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APPENDIX  A;  THE  RaP  Cl  SYSTEM  IN  THE  BATTLE  OP  BRITAIN 


An  Aerospace  Battle  Mana^emcol  S)stcm.  The  RAF  C2  ijslem  for  Ibc  Battk  of 

BrilaiOt  1940 

Command  Amingemeols 

Comma  od 

Command  Support 

Sx  stems 

K  AP  (  omnijnjs  as  ^panite 
commantk  responsible  lo  the 
Chief  of  Air  Staff 

C  inC  fighter  C  (rnimand 
as  operational 
commander  responsible 
for  air  defence  of  UK 

C  ham  >{omc  (ratLir 
systems  along  channel 
coast) 

Army  Anti-Aircraft 

Command  and  RAP  Balloon 
Command  under  op  control 
ofCinC  JiehtL*r  Crimmand 

Cm)up  commandcTS  as 
tactical  commanders 
responsible  for  atr 
defence  in  asstened  areas 

C  ham  Home  Loxx  fradar 
system  to  detect  low 
flying  aircraft) 

C)bscr^  er  t  orps  under 
operaOonal  control  of  CinC 
Pighter  Command 

Sc%iOT  commarvdcTt  as 
tactical  commandeev 
responsible  for  air 
defence  in  sectors 

Idcntificaliim  Priend  or 

Foe  (IFF) 

1  our  CjToup  commarvders 
(♦«)  under  command  CinC 

1  ichicr  Corrtmand 

S^juadron  commanders 
responsible  for  tactical 
dcDlnvmeni  of  aircraft 

t)hscr\erv  and  liMenim: 
posts 

hecior  (  omnunderv  under 

operaOonal  control  of  Group 
Commanders 

LXdKjicd  land  lines 
cormecting  sensore  and 
command  centres  (Post 
Office  War  (iroun^ 

1  ''Uhlivhmcni  i>fC croups, 
and  Sectors  responsible  for 
Wings  and  Squadrons 
^hn^U'jhoulUK 

^ufl  manning  opera  linns 
centres  al  (^crutional  and 
tactical  levels 

"separate  areas  allocated  tor 
defence  bv  aireraR  and  anti^ 

t 

aireraR  artillerv 

benilo>’  Pnor>’  Jiltcr  room 

KcNPiaisi  h  1 1 1  ly  1  or  j^l  i  v  il  icn 

allocaled  to  various  civil  and 
mdiurv  authorities 

This  table  shows  how  the  Cl  s/slem  used  by  the  RAP  Junng  the  Battle  of  Bntstn  in  1940  can 
be  mapped  on  lo  the  three  generic  'views^  of  Cl  that  are  Je^cnbed  in  the  paper 


APPENDIX  B:  SUPPORTINO  TABLES 


Tublc  B J :  Ccorric  Ct  Rncarch  Profile  Mzirix  (RPM) 


Elcarnti  of 
Research 
(C'heckJsmdA 
HolsselLlWX) 

Domain:  Mililarj  Command  &  C  ontrul  (C2) 

Area  of  Concern 

Cummaod 

4rr«f>9i 

Command 

Command  Support 

FrameHitrk  of 
Ideas  (the  body 
of  knowledge) 

PoliOcs^  pohocaJ 
science^ 

organisational  theory, 
diplomacy,  systems 
thinking 

Cognitive  scienceb^ 
decision  theory, 
sociology, 

anthropology,  mililary 
strategy  and  tacOcs 
rTheAjtofWar). 
systems  thuiking. 
command  uhih^sonhv 

Engineering  scierH^, 
computer  science, 
doctrine,  operatuig 
prTHredures. 

Applied 

Methodologies 

(M.) 

(tlut  support  the 
application  of  the 
body  of 
knowledge) 

Inl^iiM^liiv  Pnliriral 
science^  organisaliorul 
design.  soA  s)btems 
methodology  (SSM) 

Tnt^mmiv^  A 

PuncnonalisL 

Enterprise  tramework 
practice,  cognitive 
workflow  arulysib. 
information  systems, 
command  practice, 
ethnography,  historical 
methodv 

Functionalist 

Syslems  enguieering^ 
communications 
science,  syslems 
architectuig,  DoD 
architexrura  fmmework 
(DODAF)  practice, 
doctrine  refinemenc 

Lrvahling 

Methodologies 

(M:) 

(tlut  support  the 
acquisilion  of  the 
body  of 
know  ledgel 

Organisational  design 
Sl  analysis^ 
political  science. 

Tnt^mmiv^  A 

PunctionaltsL 

History,  decision 
theory,  ethnography, 
psychology,  bociobgy, 
experimentation 

Functionalist 
'Hard'  science 
(quantitative, 
experimental), 
engineeruig  science, 
information  theory 

Table  B.l  shows  the  generic  elements  of  a  body  of  knowledge  (P),  ihe  Hppheabon 
methodologies  (MI)  end  ihe  enabling  melhodolo^es  (M2)  for  each  of  the  ihree  toj^level 
of  C2  For  example^  for  Oie  ComcrujiJ  AjTBngementb  view  of  C2«  the  body  of 
kjiowleJge  consistt  of  the  knowledge  contained  in  d)scrpUnee  such  as  political  bCieiKe^ 
or^enisaOonal  theory  end  ^y^lenis  ihinlun^  The  appropriate  melhodnlo^es  for  the 
application  of  this  knowledge  include  a  range  of  interprrbve^  or  qualitative^  methods  such  as 
^oft  byblems  methodology.  The  methodologies  for  ihe  building  the  body  of  knowledge 
(enabling  methodologies)  are  also  inlerpretive  and  uiclude  orgarusatioruil  design^  and  polilical 
science. 

This  matrix  gives  an  organisation  a  degree  of  insight  into  itb  own  activities  in  the  three 
^views'  of  C2  and  can  be  extended  to  more  detailed  activities  that  fit  within  each  view. 


Tublc  B.2:  A  Hjpothciical  Cl  Research  Profile  Malru  for  a  Deteocr  Lahumturv 


Area  of  C  onccro 

(  ommand 
Arraogementi 

Command 

css 

Frasfwork  of 
ideas. 

(The  Body  of 
Knowledge:  level 
of  maturity, 
eaoertise  manuals) 

Matunl)  of 
Knowledge.  High 

Maturity  of 
Knowledge  L4>w 

Maturity  of 
Knowledge:  Low 

Applieil 

Mcfhodolocws 

CM,). 

iDcMvn  usinv  1 

Reseireh  focus 
Low 

Research  focus 
Medium 

Research  Ratus 
Medium 

Eashbntt 

Methodologies 

(Mj). 

(Research:  building 
*F\  learning) 

Research  focus 
Medium 

Research  focus 
Lm 

Research  Rxus 
High 

Table  B  2  illuatrateb^  si  the  top^kvel^  how  the  RPM  nu^ht  be  used  A  ^iven  orgajiizntujn  esn 
create  s  map  of  its  activities  across  the  three  views  of  C2  (at  more  detailed  levels  if  required) 
This  caji  be  used  to  identify  gap^  in  aji  organizations  activities^  or  areas  of  complemenlarily 
between  different  orgsnieslions 

For  the  hypolhelicaJ  or^snisalion  shown  in  Table  B2  it  is  obvious  that  there  are  areas  of 
strong  coverage^  for  example  it  has  a  strong  body  of  knowledge  in  the  area  of  Command 
Arrangements  and  a  strong  inlerest  in  research  in  methodologies  tor  the  development  of  the 
body  of  knowledge  of  CSS  By  contrast  it  is  weak  in  areas  such  as  its  body  of  knowledge  of 
Command  and  CSS. 


university  of  South  Austraiia 


Towards  a  Science  of  Command 

&  Control  (C2) 

Associate  Professor  David  H  Cropley 

Systems  Engineering  &  Evaluation 

Centre  (SEEC) 


Mm\9 


Maws9n 

uk«s 


Magill 


whyjlla 

Ad«UU« 


Un  SA 


university  of  South  Austraiia 


Outline 


D  Introduction 
D  Command  &  Control 
D  The  C2  Triad 
The  Science  of  C2 
D  Research  in  C2 
Q^pplications 
Key  Concepts 


Introduction 


Context  -  Command  and  control  (C2)  is 
recognised  as  a  key  enabler  of  military 
capability 

Need  -  What  is  lacking,  however,  is  a 
rigorously  defined  framework  for  the 
systematic  study  of  C2  as  a  means  for 
advancing  knowledge  in  this  area 

Problem  -  What  is  the  science  of  command 
and  control? 


Introduction 


Purpose  -  Understanding  of  research 
laboratories’  coverage  of  the  discipline,  to 
determine  areas  of  complementarity  with 
allied  laboratories,  and  to  identify  priority 
areas  of  C2  research 
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Command  and  Control? 

D“We  are  so  familiar  with  the  words 
‘command  and  control’  that  one  may 
believe  no  problem  exists.  After  all,  these 
two  words  sound  like  a  perfect  marriage, 
giving  the  impression  of  equal  weighting, 
value,  and  importance.  While  few  would 
challenge  this  observation,  there  is  little 
consensus  on  what  “command  and  control” 
really  means.”  [Roman,  1996] 


The  C2  Triad 


Command  Arrangements; 

•  .  .the  degree  of  operational  authority  between  headquarters, 
formations,  and  units*  and  are  concerned  with  \  ..assigning 
missions  and  tasks  for  particular  circumstances'  [Australian  DoD, 
1998] 

Command: 

•  Tlie  job  of  commanders  is  to  .  .lead,  guide,  and  motivate  their 
soldiers  and  organisations  to  accomplish  missions  and  to  win 
decisively.  Command  is  the  commander's  business'  [Alberts  & 
Hayes,  1995] 

Command  Support  Systems: 

•  * . .  .functions  are  performed  through  an  arrangement  of  persomiel, 
equipment,  communications,  facilities,  and  procedures. . .'  [US 
DoD,  JPl-02,  2001] 


What  about  Control? 


Command  and  control  has  become  a 
compound  word 

We  don’t  attempt  to  understand  “rock  and 
roll”  by  separately  analysing  each  of  these 
words 

C2  is  used  in  a  variety  of  ways,  each 
generally  identifiable  as  one  or  more  of  the 
three  meanings  in  the  C2  triad 
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C2  as  a  System 


The  properties  of 
the  C2  system 
only  emerge  at 
the  level  of  the 
integrated  system 

C2  is  the  art  and 
science  of  the 
management  of 
conflict 
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Drivers  for  a  Science  of  C2 


The  broad  nature  of  C2  and  C2  systems 
requires  a  theoretical  basis  that  draws  from 
‘hard’  science  and  engineering  AND  ‘soft’ 
concepts  of  system  architecting 


Science 


Science  can  be  regarded  as  a  combination 
of: 

•  An  organised  body  of  knowledge  about  a 
particular  area  of  interest  or  endeavour; 

•  The  methods  used  for  acquiring  that  body  of 
knowledge,  and; 

•  The  processes  and  methods  of  applying  the 
body  of  knowledge. 


A  Science  of  C2 


The  Science  of  C2  comprises: 

•  The  organised  body  of  knowledge  of  the  management  of  military 
operations  that  encompasses,  at  the  highest  level,  command 
arrangements,  command,  and  command  support  systems; 

•  Tlie  method(s)  of  acquiring  that  organised  body  of  knowledge 
through  a  set  of  qualitative  and/or  quantitative  disciplines  that 
underpin  the  management  of  military  operations  across  the  broad 
areas  of  command  arrangements,  command,  and  command  support 
systems;  and 

•  Tlie  methods  and  processes  to  apply  this  body  of  knowledge  to  the 
creation  and  evolution  of  the  socio-technical  systems  that  underpin 
military  operational  management  activities. 


Research  in  C2 

How  can  the  Science  of  C2  be  used  to  drive 
research  in  C2? 
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C2  Research  Framework 
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Applications 


D  Analysis  of  research  activities  in  C2: 

•  Research  Profile  Matrix  (RPM) 

•  A  tool  to  analyse  the  relative 
strengths/weaknesses  of  a  C2  research 
organisation 

•  Potential  as  a  tool  to  address  areas  of 
complementarity  and  collaboration 
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Key  Concepts  (1) 


C2  is  a  socio-technical  activity  that 
encompasses  three  areas: 

•  Command  Arrangements; 

•  Command; 

•  Command  Support  Systems. 

Together  these  form  the  basis  for  the 
creation  of  a  system  for  the  management  of 
military  operations 

The  triad  is  the  foundation  of  a  more 
complex  C2  ontology 
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Key  Concepts  (2) 

Ok  Science  of  C2  can  be  defined  as  a  basis 
for  the  advancement  of  knowledge  of  this 
discipline 

D  The  Science  of  C2  is  characterised  by: 

•  A  body  of  knowledge 

•  The  process  of  acquiring  that  body  of 
knowledge 

•  The  process  of  applying  that  body  of 
knowledge 
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Key  Concepts  (3) 

A  framework  of  elements  of  C2  research  can  be 
defined,  based  on  the  definition  of  the  science  of 
C2,  and  serves  as  a  mechanism  for  guiding  C2 
research 

The  framework  consists  of: 

•  An  area  of  concern  (A); 

•  A  framework  of  ideas  (F); 

•  A  acquisition  methodology  (M,); 

•  An  enabling  methodology  (Mj). 

A  practical  application  of  this  framework  is  the 
Research  Profile  Matrix  (RPM) 


